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Abstract

Background: It is imperative to preoperatively distinguish dural ossification (DO) and thus anticipate the risks and
outcome of the surgery for patients with ossification of ligamentum flavum (OLF). However, studies have disagreed
as to the efficacy of the radiographic signs or factors to predict DO and surgical outcome. In additon, the
association between the cerebrospinal fluid cross-section area ratio (CCAR) and DO or clinical outcome had not
been reported. The purpose of this study was to analyse CCAR and its role in prediction of DO and neurological
function recovery rate in patients with OLF.

Methods: Fifty-two consecutive patients with OLF, who underwent posterior thoracic decompression and fusion
between September 2012 and March 2019 at a single institution, were retrospectively reviewed. Demographic data,
radiographic signs of DO, CCAR, pre- and postoperative modified Japanese Orthopedic Association (mJOA) score
were recorded.

Results: There were 27 patients in the DO group and 25 patients in the non-DO group, with a mean age at
surgery of 57.4 years and 53.9 years, respectively. No significant differences were found in sex, age, segment of
maximum compression and preoperative mJOA score between the two groups. The receiver operating
characteristic curve showed that the value of CCAR had a relatively high value for diagnosis of DO and prediction
of neurological function recovery rate (P = .000). According to the value of CCAR, three zones were defined as DO
zone (≤14.3%), non-DO zone (≥44.5%), and gray zone (14.3 to 44.5%). When the value of CCAR≤14.3%, the recovery
rate was poor or fair, while it had good or excellent recovery when CCAR≥45.2%.

Conclusion: The value of CCAR had a high diagnostic value for prediction of DO and neurological function
recovery rate in patients with OLF.

Keywords: Ossification of the ligamentum flavum, Dural ossification, Cerebrospinal fluid leakage, Cross-sectional
area, Cerebrospinal fluid cross-section area ratio
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Background
Ossification of the ligamentum flavum (OLF) is the
major cause of thoracic myelopathy and has been fre-
quently reported in Japan and other East Asian coun-
tries. The incidence of OLF ranges from 3.8 to 64% as
reported in previous literatures [1–10]. Surgery is the
best method to treat patients with OLF and neurological
dysfunction [11, 12]. However, the incidence of the most
common complication, namely cerebrospinal fluid (CSF)
leakage, is high during surgery and poses a difficult
problem for surgeons to overcome [13]. The main rea-
son for CSF leakage is dural ossification (DO), with a in-
cidence ranged from 11 to 66.6% [3, 4, 10, 14–20].
Preoperative identification of DO and prediction of

surgical outcome are very important for surgeons to
adopt an appropriate surgical strategy and manage dural
tear during surgery [3, 15, 21]. It is also helpful for sur-
geons to counsel patients about the risks of surgery [10].
However, radiographic study about the signs of DO and
neurological function have rarely been reported in the
literature due to the low incidence of OLF and DO [3, 6,
10, 16, 22, 23]. and the diagnostic accuracy still needs to
be improved [10, 15, 23]. In our opinion, cross-section
area (CSA) of cerebrospinal fluid indicates the compen-
satory space for spinal cord. A patient with large CSA of
ossification mass may present without DO and with mild
neural dysfunction damage, when the compensatory
space of cerebrospinal fluid is large, and vice versa.
The aim of this retrospective study was to (1) measure

the value of cerebrospinal fluid cross-section area ratio
(CCAR) on magnetic resonance imaging (MRI) and
computed tomography (CT) images; (2) investigate the
role of CCAR in prediction of DO and neurological
function recovery rate.

Materials and methods
Patients
The patients of OLF with thoracic myelopathy, who
underwent posterior thoracic laminectomy and fusion
with instrumentation between September 2012 and
March 2019 at a single institution, were retrospectively
reviewed. The study was conducted in accordance with
the Declaration of Helsinki and informed consent was
waived, which was approved by the Ethical Committee
of Peking union medical college hospital. No patients
participated in this study and private information was
protected. The exclusion criteria were patients with dif-
fuse idiopathic skeletal hyperostosis and concurrent
thoracic ventral compressive lesions, such as thoracic
disc herniation with protrusion or extrusion, thoracic
kyphosis and ossification of the posterior longitudinal
ligament, previous history of thoracic surgery, thoracic
trauma, infection and tumor.

All patients had both CT and MRI images. CT had
been performed on a dual-energy CT scanner, Discovery
CT1750 (GE Healthcare) or Somatom Definition Flash
(Siemens Healthineers). MRI had been performed on a
3-T scanner, Discovery MR1750 (GE Healthcare) or
Magnetom Skyra (Siemens Healthineers). Intraoperative
features of DO included an ossified dura that was fused
with OLF, the inability to resect the OLF from the ossi-
fied portion of the dura mater during surgery [4, 17] and
obvious ossified dura in the resected ossified mass [13,
23]. Ossified dura was resected if DO was present and
“floating technique” was not adopted in this study. The
dural laceration was repaired with onlay technique with
gelatin sponge, artificial dura or autologous fascia.
Watertight suturing was performed layer by layer and a
subfascial drainage was placed.
Demographic data, Sato classification of OLF, radio-

graphic signs of DO, including tram track sign, comma
sign and bridge sign, pre- and postoperative neurological
function were recorded. The modified Japanese Ortho-
pedic Association (mJOA) scoring system for thoracic
myelopathy (11 point scale) was used to evaluate pre-
and postoperative neurological status. The recovery rate
(RR) was calculated by the following formula: RR =
(mJOA score at last follow-up – preoperative mJOA
score)/ (11 - preoperative mJOA score) × 100% [5]. A
rate of 75–100% was graded as excellent, 50–74% as
good, 25–49% as fair, and 0–24% as poor.

Radiographic measurement
Image J software (National Institutes of Health, Be-
thesda, MD, USA) was used for radiographic measure-
ment. To ensure reliability, imaging evaluation was
performed before the review of medical records and two
independent observers were responsible for the meas-
urement. All images were measured twice by each obser-
ver, and the mean of the two measurements was
considered for statistical analysis.
It is inaccurate to measured CSA of cerebrospinal fluid

directly on MRI, because the demarcation between dura
mater and ossification mass on MRI is not clear. There-
fore, we calculated the CSA ratio of cerebrospinal fluid
to spinal canal indirectly by measuring the CSA ratio of
ossification mass to spinal canal on CT and that of
spinal cord to dural sac on MRI, respectively. CSA of
normal spinal canal on CT image was measured at the
pedicle region (usually without ossification) near the
narrowest segment, where the distance between the ped-
icles was the widest (Fig. 1A). The average value of CSA
of the dural sac of adjacent upper and lower segment
was supposed to be equal to that of the normal spinal
canal. The axial CT and MRI images at the maximum
compression level were chosen for measurement of CSA
of ossified mass and spinal cord, because DO mostly
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occurred solely in the segment with maximum compres-
sion [11]. First, we made a calibration for Image J soft-
ware according to the scale on the axial CT image.
Then, we drew a circle along the bone vertebral canal
border, and the Image J software automatically

calculated the CSA at the pedicle section (Fig. 1B). CSA
of the ossified mass was measured in the same way by
drawing a circle around the mass on the CT image (Fig.
1C and D). Next, the CSA of the dural sac at the adja-
cent upper and lower segments were measured with a

Fig. 1 Radiographic measurement. (A) Normal spinal canal at the pedicle level of the maximum compression segment. (B) Cross-section area
(CSA) of the normal spinal canal. (C) Axial view of computed tomography scan at the segment of maximum compression. (D) CSA of the ossified
mass. (E) Magnetic resonance imaging (MRI) at the pedicle level. (F) Measurement of CSA of the dural sac at the pedicle level. (G) MRI at the
segment of maximum compression. (H) CSA of the spinal cord
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circle drawn along the border of the dural sac on MRI
image (Fig. 1E and F). Lastly, we measured the CSA of
the spinal cord on the MRI image at the same narrowest
segment (Fig. 1G and H). The value of ossified mass
cross-section area ratio (OCAR), spinal cord cross-
section area ratio (SCAR) and CCAR were expressed as
follows:

OCAR ¼ CSA of the ossified mass
CSA of the normal spinal canal

� 100%

SCAR ¼ CSA of the spinal cord at the narrowest level
average CSA of dural sac of adjacent upper segmentþ lower segmentð Þ � 100%

CCAR ¼ 1−OCAR−SCARð Þ � 100%

Statistical analysis
The Statistical Package for Social Sciences (SPSS Inc.,
Chicago, IL, USA) software was used for data analysis.
Interclass correlation coefficients (ICCs) were used to
assess interobserver reliability. t-test was used for con-
tinuous variables, whereas the chi-square test was used
for categorical variables. Pearson’s and Spearman’s cor-
relation coefficients were used to analyze the association
between CCAR and DO or RR. Receiver operating char-
acteristic (ROC) curve was drew and area under the
curve (AUC) value was used to determine the best cut-
off value of the parameters for diagnosing DO and prog-
nosticating RR. A P value < 0.05 was considered statisti-
cally significant.

Results
Fifty-two consecutive patients (28 female and 24 male)
were ultimately included in the study sample. The dur-
ation of symptoms varied from 2months to 28 years
(5.3 ± 6.2 years) before visiting the hospital. The mean
age at surgery was 55.6 ± 9.4 years (30–74), with a mean
follow-up time of 4.6 ± 2.2 years (0.6–7.2). There were
27 patients in the DO group and 25 in the non-DO
group, with a follow-up of 4.5 ± 2.1 years and 4.6 ± 2.3
years, respectively. The most commonly affected seg-
ment of DO was T9–12, with an incidence of 34.6% (18/
52).
No significant differences were found in sex, age, seg-

ment of maximum compression and preoperative mJOA
score between the DO group and non-DO group
(Table 1). In the DO group, the most common morpho-
logic configurations according to the Sato classification
were fused type and tuberous type, while lateral type and
extended type were the major types in the non-DO
group. All patients with OLF of tuberous type, tram
track sign (+) or comma sign (+) had DO. Additonally,
most of the patients (6/7) with bridge sign (+) also had
DO (Table 2). The ICC value for both observers who

were responsible for the radiographic measurement was
0.947 (95% confidence interval [CI], 0.909 to 0.969),
which suggests high inter-observer agreement.
The value of CCAR in the group with DO was signifi-

cantly lower than that in the group without DO (P =
0.000) (Table 2). The ROC curve showed that CCAR
had a relatively high diagnostic value for DO (AUC =
0.835 [95% CI, 0.722 to 0.948]; P = 0.000), and the cut-
off value was 36.4% (Fig. 2A). The sensitivity and specifi-
city were 87.0% and 82.8%, respectively. All patients suf-
fered from DO when the value of CCAR was equal to or
less than 14.3% and DO zone was defined as
CCAR≤14.3%. Similar to this, the non-DO zone was des-
ignated as CCAR≥44.5%, and the gray zone was defined
when the value of CCAR was between 14.3 and 44.5%
(Table 3).
One case in non-DO group and two cases in DO

group suffered from muscle weakness postoperatively.

Table 1 Patients’ demographic characteristics

Non-DO group DO group P value

No. of patients 25 27 /

Sex (male/female) 14/11 10/17 /

Age (yr) 57.4 ± 9.2 53.9 ± 9.6 0.191

Follow-up time (yr) 4.5 ± 2.1 4.6 ± 2.3 0.793

Segment of maximum compression

T1-T4 4 4 /

T5-T8 3 5 /

T9-T12 18 18 /

Neurological function

Pre-op mJOA score 5.7 ± 2.2 5.1 ± 3.0 0.409

FU mJOA score 9.4 ± 1.5 7.4 ± 2.9 0.004

RR (%) 72.5 ± 23.0 42.3 ± 32.5 0.000

Abbreviations: DO dural ossification, Pre-op mJOA score preoperative mJOA
score, FU mJOA score last follow-up mJOA score, RR recovery rate

Table 2 Radiographic features and measurement results

Non-DO group DO group P value

Sato classification

Lateral type 12 0 /

Extended type 5 4 /

Enlarged type 4 2 /

Fused type 4 5 /

Tuberous type 0 16 /

TTS (+) 0 8 0.004

CS (+) 0 9 0.002

BS (+) 1 6 0.101

CCAR (95% CI) 50.0% (45.1–54.8%) 22.2% (17.4–27.0%) 0.000

Abbreviations: DO dural ossification, TTS tram track sign, CS comma sign, BS
bridge sign, CCAR CSF cross-section area ratio
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The mJOA score and recovery rate at the last follow-up
were significantly higher in the non-DO group. The op-
timal cut-off value of CCAR to predict neurological
function recovery rate was 42.7% (AUC = 0.8 22[95% CI,
0.709 to 0.935]; P = 0.000), with a sensitivity and specifi-
city of 89.5% and 69.7%, respectively (Fig. 2B). When the
value of CCAR≤14.3%, the recovery rate was poor or
fair, while the recovery rate was good or excellent when
the value≥45.2% (Table 4).

Discussion
DO is an uncommon but troublesome disease in pa-
tients with OLF. Preoperative diagnosis of DO enables
the surgeon to make adequate preparation and improve
the safety of the surgery [10]. However, it is difficult for
surgeons to confirm the diagnosis of DO preoperatively
based on clinical and radiographic examination [16].
The rate of DO in tuberous type of Sato classification

was much higher than other types [15]. Muthukumar
[10] reported that tram track sign (TTS) and comma
sign (CS) could be used to predict DO in patients with
OLF. However, in the study by Sun et al. [15], the diag-
nostic specificity of TTS was only 59%. Li et al. [3] pro-
posed a new characteristic imaging sign, namely ‘bridge
sign’ (BS). The authors reported that all seven patients
with BS in this study had DO [3]. ‘T2 ring sign’ on MRI
also had a high correlation with DO. However, there was
a total of only 10 cases of DO in this study [24].
Zhou et al. [16] found that the risk of DO increased

significantly when unilateral spinal canal occupational
rate was at least 60%. In addition, they proposed a grad-
ing system and DO was highly suspected when a score >
2 [16]. However, unilateral measurement could not ac-
curately reflect the degree of bilateral compression. In
our previous study, we measured the occupational rate
of ossified mass and recommended a value of CSA occu-
pying ratio < 45% as the safe zone, and > 55% as the ossi-
fication zone in the T9-T12 subgroup [23].
Mechanical stress between the OLF and dura mater

play an important role in the onset of DO [25–27] and
was related with CSA of cerebrospinal fluid. Therefore,
we speculate that CCAR may be another important fac-
tor in predicting DO. In this study, the optimal cut-off
value of CCAR for prediction of DO was 36.4%. DO
zone (≤14.3%), non-DO zone (≥44.5%) and gray zone
(14.3 to 44.5%) was defined according to the value of

Fig. 2 Receiver operating characteristic (ROC) curve. (A) The value of
CSF cross-section area ratio (CCAR) has a high diagnostic value for
dural ossification (area under the curve [AUC] = 0.835 [95%
confidence interval [CI], 0.722 to 0.948]; P < 0.001). (B) The value of
CCAR has a relatively high prognosis value for postoperative
neurological function recovery rate (AUC, 0.822 [95% CI, 0.709 to
0.935]; P < 0.001)

Table 3 The analysis of CCAR for prognosis of dural ossification

CCAR Sensitivity Specificity Diagnostic Coincidence Rate

< 14.3% 59.5% (43.3 to 74.4%) 100% (69.2 to 100%) 67.3%

< 36.4% 87.0% (66.4 to 97.2%) 82.8% (64.2 to 94.2%) 84.6%

< 44.5% 100% (79.4 to 100%) 75.0% (57.8 to 87.9%) 80.8%

Abbreviation: CCAR CSF cross-section area ratio
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CCAR. Thus, surgeons should highly suspect the exist-
ence of DO when the value of CCAR is less than 14.3%.
The neurological recovery rate was another concern

and ranged from 31 to 100% after surgery for patients
with OLF [20, 24, 28, 29]. Various factors have been re-
ported to be associated with surgical outcome [6, 13, 14,
24, 30, 31] and the results were inconsistent among dif-
ferent studies [32]. Age at surgery, gender, level of the
ossified lesion, number of segments of OLF, coexisting
ossification of the posterior longitudinal ligament, OLF
type, and intramedullary signal intensity did not predict
postoperative recovery in several studies [30, 33, 34].
Preoperative duration of symptoms, preoperative JOA
score and the degree of compression have been consid-
ered the most consistent factors in most of the studies
[24, 30, 33, 35, 36]. It has been reported that the spinal
canal diameter (paramedian and sagittal) and CSA occu-
pying ratio were the top three relevant continuous vari-
ables with thoracic myelopathy. The optimal cut-off
value for the diagnosis of OLF-induced myelopathy were
60, 50 and 80%, respectively [37]. Lee et al. [38] mea-
sured six radiographic parameters on CT and showed
that the area of OLF ratio was found to be the best
radiological parameter and was highly correlated with
OLF-induced thoracic myelopathy. Sanghvi et al. [39]
also found that the preoperative dural canal grade sig-
nificantly correlated with the neurological recovery rate
in OLF cases.
However, the measurement results were not always

consistent with the neural function. In a retrospective
case-control study, 19 patients with moderately com-
pression (Grade III) had thoracic myelopathy, while 28
moderately compressed patients had no neurological
symptoms [37]. The reason for the inconsistent results
may be due to different static pressures on the spinal
cord caused by different CSA of CSF [38]. Thus, it may
be assumed that the grade of CCAR was correlated with
the rate of neurological recovery rate. In this study, we
found that the neurological recovery rate was highly cor-
related with the value of CCAR. A value of CCAR≤14.3%
predicted poor or fair recovery rate of mJOA score,
while CCAR≥45.2% meant good or excellent recovery
rate. Therefore, it is better to perform the surgery when
the value of CCAR is more than 45.2% to achieve better
neurological recovery.

This study had some limitations. First, the sample size
was relatively small. Nevertheless, it is difficult to adopt
large number of cases in one single center due to the
low incidence of thoracic OLF and strict inclusion cri-
teria. Therefore, further multicenter studies with large
numbers of patients are necessary to verify these prelim-
inary findings. Second, there is concern of possible selec-
tion bias due to retrospective study design. However, all
patients of OLF were reviewed and only patients who
met our criteria were enrolled. Third, there might have
errors associated with radiographic measurement on
MRI or CT image due to differences in cutting angles in-
duced by technical problems. However, radiologists were
well trained to follow the same guidelines when per-
forming CT or MRI scans and the cutting angle for the
same segment was the same.

Conclusions
This study showed that CCAR had a close relationship
with DO as well as the recovery rate of neurological
function. A value of CCAR≤14.3% indicated the presence
of DO and poor neurological outcome. To achieve better
neurological function recovery, surgical decompression
is recommended when the value of CCAR≥45.2%.

Abbreviations
OLF: Ossification of ligamentum flavum; DO: Dural ossification;
CCAR: Cerebrospinal fluid cross-section area ratio; CSF: Cerebrospinal fluid;
CSA: Cross-section area; MRI: Magnetic resonance imaging; CT: Computed
tomography; mJOA: modified Japanese Orthopedic Association; RR: Recovery
rate; OCAR: Ossified mass cross-section area ratio; SCAR: Spinal cord cross-
section area ratio; ICCs: Interclass correlation coefficients; ROC: Receiver
operating characteristic; CI: Confidence interval; AUC: Area under the curve;
TTS: Tram track sign; CS: Comma sign; BS: Bridge sign

Acknowledgements
Not applicable.

Authors’ contributions
Yu Zhao conceived, designed and supervised the study; Radiographic
measurement was done by Jiliang Zhai and Tong Niu; Chunxu Li led the
statistical analysis of the data; The first draft of the manuscript was written
by Jiliang Zhai and edited by Shigong Guo. All authors read and approved
the final manuscript before submission.

Funding
This work was supported by grant from the National Natural Science
Foundation of China (NO. 82072508).

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Table 4 The analysis of CCAR for prediction of neurological function recovery rate

CCAR Sensitivity Specificity Diagnostic Coincidence Rate

< 14.3% 64.3% (48.0 to 78.4%) 100% (69.2 to 100%) 71.2%

< 42.7% 89.5% (66.9 to 98.7%) 69.7% (51.3 to 84.4%) 76.9%

< 45.2% 100% (78.2 to 100%) 67.6% (50.2 to 82.0%) 76.9%

Abbreviation: CCAR CSF cross-section area ratio

Zhai et al. BMC Musculoskeletal Disorders          (2021) 22:701 Page 6 of 8



Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki and
approved by the Ethical Committee of the Peking Union Medical College
Hospital. No patients participated in this study and private information was
protected.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests except for the
funding disclosed above.

Author details
1Department of Orthopaedic Surgery, Peking Union Medical College Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College,
shuaifuyuan 1#, Dongcheng district, Beijing, China. 2Department of
Rehabilitation Medicine, Southmead Hospital, Bristol, UK.

Received: 30 April 2021 Accepted: 22 July 2021

References
1. Guo JJ, Luk KD, Karppinen J, Yang H, Cheung KM. Prevalence, distribution,

and morphology of ossification of the ligamentum flavum: a population
study of one thousand seven hundred thirty-six magnetic resonance
imaging scans. Spine (Phila Pa 1976). 2010;35:51–6.

2. Lang N, Yuan HS, Wang HL, Liao J, Li M, Guo FX, et al. Epidemiological
survey of ossification of the ligamentum flavum in thoracic spine: CT
imaging observation of 993 cases. Eur Spine J. 2013;22(4):857–62. https://
doi.org/10.1007/s00586-012-2492-8.

3. Li B, Qiu G, Guo S, et al. Dural ossification associated with ossification of
ligamentum flavum in the thoracic spine: a retrospective analysis. BMJ
Open. 2016;6:e13887.

4. Aizawa T, Sato T, Sasaki H, Kusakabe T, Morozumi N, Kokubun S. Thoracic
myelopathy caused by ossification of the ligamentum flavum: clinical
features and surgical results in the Japanese population. J Neurosurg Spine.
2006;5(6):514–9. https://doi.org/10.3171/spi.2006.5.6.514.

5. Zhong ZM, Wu Q, Meng TT, Zhu YJ, Qu DB, Wang JX, et al. Clinical
outcomes after decompressive laminectomy for symptomatic ossification of
ligamentum flavum at the thoracic spine. J Clin Neurosci. 2016;28:77–81.
https://doi.org/10.1016/j.jocn.2015.09.023.

6. Ju JH, Kim SJ, Kim KH, Ryu DS, Park JY, Chin DK, et al. Clinical relation
among dural adhesion, dural ossification, and dural laceration in the
removal of ossification of the ligamentum flavum. Spine J. 2018;18(5):747–
54. https://doi.org/10.1016/j.spinee.2017.09.006.

7. Kang KC, Lee CS, Shin SK, Park SJ, Chung CH, Chung SS. Ossification of the
ligamentum flavum of the thoracic spine in the Korean population. J
Neurosurg Spine. 2011;14(4):513–9. https://doi.org/10.3171/2010.11.SPINE104
05.

8. Moon BJ, Kuh SU, Kim S, Kim KS, Cho YE, Chin DK. Prevalence, distribution,
and significance of incidental thoracic ossification of the ligamentum
Flavum in Korean patients with Back or leg pain : MR-based cross sectional
study. J Korean Neurosurg Soc. 2015;58(2):112–8. https://doi.org/10.3340/
jkns.2015.58.2.112.

9. Mori K, Kasahara T, Mimura T, et al. Prevalence, distribution, and
morphology of thoracic ossification of the yellow ligament in Japanese:
results of CT-based cross-sectional study. Spine (Phila Pa 1976). 2013;38:
E1216–22.

10. Muthukumar N. Dural ossification in ossification of the ligamentum flavum:
a preliminary report. Spine (Phila Pa 1976). 2009;34:2654–61.

11. Sun J, Zhang C, Ning G, Li Y, Li Y, Wang P, et al. Surgical strategies for
ossified ligamentum flavum associated with dural ossification in thoracic
spinal stenosis. J Clin Neurosci. 2014;21(12):2102–6. https://doi.org/10.1016/j.
jocn.2014.02.027.

12. Feng FB, Sun CG, Chen ZQ. Progress on clinical characteristics and
identification of location of thoracic ossification of the ligamentum flavum.
Orthop Surg. 2015;7(2):87–96. https://doi.org/10.1111/os.12165.

13. Sun X, Sun C, Liu X, et al. The frequency and treatment of dural tears and
cerebrospinal fluid leakage in 266 patients with thoracic myelopathy caused
by ossification of the ligamentum flavum. Spine (Phila Pa 1976). 2012;37:
E702–7.

14. Ando K, Imagama S, Ito Z, et al. Predictive factors for a poor surgical
outcome with thoracic ossification of the ligamentum flavum by
multivariate analysis: a multicenter study. Spine (Phila Pa 1976). 2013;38:
E748–54.

15. Sun XZ, Chen ZQ, Qi Q, Guo ZQ, Sun CG, Li WS, et al. Diagnosis and
treatment of ossification of the ligamentum flavum associated with dural
ossification: clinical article. J Neurosurg Spine. 2011;15(4):386–92. https://doi.
org/10.3171/2011.5.SPINE10748.

16. Zhou SY, Yuan B, Chen XS, Li XB, Zhu W, Jia LS. Imaging grading system for
the diagnosis of dural ossification based on 102 segments of TOLF CT
bone-window data. Sci Rep. 2017;7(1):2983. https://doi.org/10.1038/s41598-
017-03178-x.

17. Yang Z, Xue Y, Zhang C, Dai Q, Zhou H. Surgical treatment of ossification of
the ligamentum flavum associated with dural ossification in the thoracic
spine. J Clin Neurosci. 2013;20(2):212–6. https://doi.org/10.1016/j.jocn.2012.
02.028.

18. Muthukumar N. Ossification of the ligamentum Flavum as a result of
fluorosis causing myelopathy: report of two cases. Neurosurgery. 2005;56(3):
E622. https://doi.org/10.1227/01.NEU.0000154062.14313.6D.

19. Yayama T, Uchida K, Kobayashi S, Kokubo Y, Sato R, Nakajima H, et al.
Thoracic ossification of the human ligamentum flavum:
histopathological and immunohistochemical findings around the
ossified lesion. J Neurosurg Spine. 2007;7(2):184–93. https://doi.org/10.31
71/SPI-07/08/184.

20. Li F, Chen Q, Xu K. Surgical treatment of 40 patients with thoracic
ossification of the ligamentum flavum. J Neurosurg Spine. 2006;4(3):191–7.
https://doi.org/10.3171/spi.2006.4.3.191.

21. Li B, Qiu G, Zhao Y. A potential method for identifying dural ossification by
measuring the degree of spinal stenosis in thoracic ossification of
ligamentum flavum. Med Hypotheses. 2016;96:9–10. https://doi.org/10.1016/
j.mehy.2016.09.012.

22. Epstein NE. Identification of ossification of the posterior longitudinal
ligament extending through the dura on preoperative computed
tomographic examinations of the cervical spine. Spine (Phila Pa 1976). 2001;
26:182–6.

23. Yu L, Li B, Yu Y, Li W, Qiu G, Zhao Y. The relationship between Dural
ossification and spinal stenosis in thoracic ossification of the ligamentum
Flavum. J Bone Joint Surg Am. 2019;101(7):606–12. https://doi.org/10.2106/
JBJS.17.01484.

24. Prasad GL. Thoracic spine ossified ligamentum flavum: single-surgeon
experience of fifteen cases and a new MRI finding for preoperative
diagnosis of dural ossification. Br J Neurosurg. 2020;34(6):638–46. https://doi.
org/10.1080/02688697.2019.1670333.

25. Li B, Guo S, Qiu G, Li W, Liu Y, Zhao Y. A potential mechanism of dural
ossification in ossification of ligamentum flavum. Med Hypotheses. 2016;92:
1–2. https://doi.org/10.1016/j.mehy.2016.03.011.

26. Tsukamoto N, Maeda T, Miura H, Jingushi S, Hosokawa A, Harimaya K, et al.
Repetitive tensile stress to rat caudal vertebrae inducing cartilage formation
in the spinal ligaments: a possible role of mechanical stress in the
development of ossification of the spinal ligaments. J Neurosurg Spine.
2006;5(3):234–42. https://doi.org/10.3171/spi.2006.5.3.234.

27. Cai HX, Yayama T, Uchida K, et al. Cyclic tensile strain facilitates the
ossification of ligamentum flavum through beta-catenin signaling pathway:
in vitro analysis. Spine (Phila Pa 1976). 2012;37:E639–46.

28. Nie ZH, Liu FJ, Shen Y, Ding WY, Wang LF. Lamina osteotomy and
replantation with miniplate fixation for thoracic myelopathy due to
ossification of the ligamentum flavum. Orthopedics. 2013;36(3):e353–9.
https://doi.org/10.3928/01477447-20130222-26.

29. Hou X, Chen Z, Sun C, Zhang G, Wu S, Liu Z. A systematic review of
complications in thoracic spine surgery for ossification of ligamentum
flavum. Spinal Cord. 2018;56(4):301–7. https://doi.org/10.1038/s41393-017-
0040-4.

30. Inamasu J, Guiot BH. A review of factors predictive of surgical outcome for
ossification of the ligamentum flavum of the thoracic spine. J Neurosurg
Spine. 2006;5(2):133–9. https://doi.org/10.3171/spi.2006.5.2.133.

31. Epstein NE. The frequency and etiology of intraoperative dural tears in 110
predominantly geriatric patients undergoing multilevel laminectomy with

Zhai et al. BMC Musculoskeletal Disorders          (2021) 22:701 Page 7 of 8

https://doi.org/10.1007/s00586-012-2492-8
https://doi.org/10.1007/s00586-012-2492-8
https://doi.org/10.3171/spi.2006.5.6.514
https://doi.org/10.1016/j.jocn.2015.09.023
https://doi.org/10.1016/j.spinee.2017.09.006
https://doi.org/10.3171/2010.11.SPINE10405
https://doi.org/10.3171/2010.11.SPINE10405
https://doi.org/10.3340/jkns.2015.58.2.112
https://doi.org/10.3340/jkns.2015.58.2.112
https://doi.org/10.1016/j.jocn.2014.02.027
https://doi.org/10.1016/j.jocn.2014.02.027
https://doi.org/10.1111/os.12165
https://doi.org/10.3171/2011.5.SPINE10748
https://doi.org/10.3171/2011.5.SPINE10748
https://doi.org/10.1038/s41598-017-03178-x
https://doi.org/10.1038/s41598-017-03178-x
https://doi.org/10.1016/j.jocn.2012.02.028
https://doi.org/10.1016/j.jocn.2012.02.028
https://doi.org/10.1227/01.NEU.0000154062.14313.6D
https://doi.org/10.3171/SPI-07/08/184
https://doi.org/10.3171/SPI-07/08/184
https://doi.org/10.3171/spi.2006.4.3.191
https://doi.org/10.1016/j.mehy.2016.09.012
https://doi.org/10.1016/j.mehy.2016.09.012
https://doi.org/10.2106/JBJS.17.01484
https://doi.org/10.2106/JBJS.17.01484
https://doi.org/10.1080/02688697.2019.1670333
https://doi.org/10.1080/02688697.2019.1670333
https://doi.org/10.1016/j.mehy.2016.03.011
https://doi.org/10.3171/spi.2006.5.3.234
https://doi.org/10.3928/01477447-20130222-26
https://doi.org/10.1038/s41393-017-0040-4
https://doi.org/10.1038/s41393-017-0040-4
https://doi.org/10.3171/spi.2006.5.2.133


noninstrumented fusions. J Spinal Disord Tech. 2007;20(5):380–6. https://doi.
org/10.1097/BSD.0b013e31802dabd2.

32. Kim JK, Ryu HS, Moon BJ, Lee JK. Clinical outcomes and prognostic factors
in patients with myelopathy caused by thoracic ossification of the
ligamentum Flavum. Neurospine. 2018;15(3):269–76. https://doi.org/10.1424
5/ns.1836128.064.

33. Yu S, Wu D, Li F, Hou T. Surgical results and prognostic factors for thoracic
myelopathy caused by ossification of ligamentum flavum: posterior surgery
by laminectomy. Acta Neurochir. 2013;155:1169–77.

34. Kawaguchi Y, Yasuda T, Seki S, Nakano M, Kanamori M, Sumi S, et al.
Variables affecting postsurgical prognosis of thoracic myelopathy caused by
ossification of the ligamentum flavum. Spine J. 2013;13(9):1095–107. https://
doi.org/10.1016/j.spinee.2013.03.001.

35. Gao R, Yuan W, Yang L, Shi G, Jia L. Clinical features and surgical outcomes
of patients with thoracic myelopathy caused by multilevel ossification of
the ligamentum flavum. Spine J. 2013;13(9):1032–8. https://doi.org/10.1016/j.
spinee.2013.02.034.

36. Onishi E, Yasuda T, Yamamoto H, Iwaki K, Ota S. Outcomes of Surgical
Treatment for Thoracic Myelopathy: A Single-institutional Study of 73
Patients. Spine (Phila Pa 1976). 2016;41:E1356–63.

37. Feng F, Sun C, Chen Z. A diagnostic study of thoracic myelopathy due to
ossification of ligamentum flavum. Eur Spine J. 2015;24(5):947–54. https://
doi.org/10.1007/s00586-015-3818-0.

38. Lee BJ, Park JH, Jeon SR, Rhim SC, Roh SW. Clinically significant radiographic
parameter for thoracic myelopathy caused by ossification of the
ligamentum flavum. Eur Spine J. 2019;28(8):1846–54. https://doi.org/10.1007/
s00586-018-5750-6.

39. Sanghvi AV, Chhabra HS, Mascarenhas AA, Mittal VK, Sangondimath GM.
Thoracic myelopathy due to ossification of ligamentum flavum: a
retrospective analysis of predictors of surgical outcome and factors affecting
preoperative neurological status. Eur Spine J. 2011;20(2):205–15. https://doi.
org/10.1007/s00586-010-1423-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Zhai et al. BMC Musculoskeletal Disorders          (2021) 22:701 Page 8 of 8

https://doi.org/10.1097/BSD.0b013e31802dabd2
https://doi.org/10.1097/BSD.0b013e31802dabd2
https://doi.org/10.14245/ns.1836128.064
https://doi.org/10.14245/ns.1836128.064
https://doi.org/10.1016/j.spinee.2013.03.001
https://doi.org/10.1016/j.spinee.2013.03.001
https://doi.org/10.1016/j.spinee.2013.02.034
https://doi.org/10.1016/j.spinee.2013.02.034
https://doi.org/10.1007/s00586-015-3818-0
https://doi.org/10.1007/s00586-015-3818-0
https://doi.org/10.1007/s00586-018-5750-6
https://doi.org/10.1007/s00586-018-5750-6
https://doi.org/10.1007/s00586-010-1423-9
https://doi.org/10.1007/s00586-010-1423-9

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Materials and methods
	Patients
	Radiographic measurement
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

